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ABSTRACT 

A new upper stage for future earth orbital Air Force 
missions is being studied by the Aerospace Corporation. This 
stage is similar in size and function to the LM/B proposed for 
NASA's Integrated Space Program. The use of the contemplated 
Air Force stage, called orbit-to-orbit shuttle (OOS), in the 
NASA Integrated Plan is considered on the basis of propulsive 
performance, thermo-structural capability, and physical dimensions. 

Although the various conceptual versions of the 00s 
have adequate propulsion performance to fulfill all the NASA 
missions, it may not be feasible to build a single stage that can 
fulfill both NASA and Air Force mission requirements. There is 
good reason to doubt the adequacy of the 00s thermo-structural 
systems in NASA missions, or the compatibility of the physical 
dimensions for both NASA and Air Force missions. Specifically, 
the structural loads imposed by NASA missions, and the meteoroid 
shielding and thermal insulation required by the long on-orbit 
lifetime, would reduce the stage mass fraction to the point 
where the Air Force missions could not be accomplished. 

---. 
[NASA-CR- l09783)  USE Of PROPOSED A I R  FORCE N79-72221 

O R B I T - T O - O R B I T  SHUTTLE /COS/ IW NASA's 
IMTEGRBTED SPACE PPOGRAEl {Bellcornre, Xnc.) 
23 P l lnclas 

O O / f S  12759 



c 

BELLCOMM. INC. 
m . 955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON, D. C. 20024 B69 12031 

SUBJECT: U s e  of Proposed A i r  Force 
Orbi t - to-Orbi t  S h u t t l e  (00s)  
i n  N A S A ' s  I n t e g r a t e d  Space 
Program - C a s e  710 

DATE: December 1 0 ,  1 9 6 9  

FROM: A .  E.  Marks 

MEMORANDUM FOR FILE 

INTRODUCTION 

T h e  Aerospace Corporat ion i s  c u r r e n t l y  conducting 
in-house s t u d i e s  on space propuls ion  modules f o r  t h e  A i r  Force,  
w i t h  des ign  requirements  and c o n s t r a i n t s  imposed by the b a s i c  
Space Transpor t a t ion  System ( S T S ) ,  a l so  known t o  NASA as  Space 
S h u t t l e .  They a r e  des igning  the s t a g e s  f o r  e a r t h  o r b i t a l  missions 
on ly ,  b u t  t h e  s t a g e s  considered are similar i n  s i z e  and func t ion-  
a l l y  r e l a t e d  t o  t h e  LM/B Propuls ion Module/Space Tug (Reference 11  
i n  NASA's I n t e g r a t e d  Space Program, (Reference 2 ) .  I t  s e e m s  
on ly  l o g i c a l ,  t h e r e f o r e ,  t o  cons ider  a s i n g l e  s t a g e  capable  of 
performing both A i r  Force and NASA missions.  T h i s  memorandum 
addresses t h e  use  of t h e  A i r  Force s t a g e s  f o r  a l l  proposed LM/B 
and space  t u g  miss ions  i n  t h e  NASA program. 

B o t h  expendable and r e u s a b l e  s t a g e  concepts  are be ing .  
s t u d i e d  f o r  t h e  A i r  Force,  b u t  t h e  r e u s a b l e  s t a g e  known as  t h e  
orb i t - to-orb i t  s h u t t l e  (00s) is  t h e  stage of i n t e r e s t .  T h i s  
s h u t t i e  wiii operate betwee: low earth an6 gecsynchronous orbits, 

GROUND RULES 

A d i s c u s s i o n  of t h e  Aerospace Corporat ion s tudy  guide- 
l i n e s  and c o n s t r a i n t s  i s  warranted s i n c e  t h e  major problems encount- 
ered i n  combining NASA and AF requirements  are i n  t h e  ope ra t ing  
ground r u l e s .  The more c r i t i c a l  g u i d e l i n e s  are l isted below: 

1. The 00s w i l l  be designed for  deployment i n ,  and 
o p e r a t i o n  f r o m ,  low ear th  o r b i t .  

2. T h e  00s s t a g e ( s )  (and payloads) w i l l  be carried 
t o  l o w  e a r t h  o r b i t  i n  t h e  i n t e r n a l  bay of t h e  STS. 

3 .  The 00s i s  t o  be designed t o  d e l i v e r  s i n g l e  or 
m u l t i p l e  payloads to  2 4  hour o r b i t s ,  and have t h e  
c a p a b i l i t y  t o  r e t u r n  ( sans  payload) t o  t h e  o r i g i n a l  
l o w  e a r t h  o rb i t .  I t  w i l l  r e e n t e r  t h e  payload bay 
of t h e  STS i n  LEO, and be r e t u r n e d  t o  e a r t h  f o r  
maintenance and reuse. The 00s w i l l  be t h e  p a s s i v e  
element i n  remating w i t h  t h e  STS. 
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The major imp l i ca t ions  of t h e s e  ground r u l e s  a r e  t h a t  
t h e  payload w i l l  be i n t e g r a t e d  t o  t h e  00s on t h e  ground and no 
rendezvous or docking w i l l  occur i n  o r b i t  p r i o r  t o  payload in -  
s e r t i o n .  The 00s w i l l  be hung i n  t e n s i o n  i n  t h e  space s h u t t l e  
payload bay dur ing  launch. 
s t r u c t u r e  t o  be used. Being launched i n s i d e  t h e  s h u t t l e  payload 
bay,  t h e  00s w i l l  a l so  be f r e e  of t h e  aerodynamic and thermal  
l o a d s  du r ing  launch,  aga in  allowing a l i g h t  s t r u c t u r e  t o  be 
employed . 

T h i s  w i l l  a l l o w  a ve ry  l i g h t  

The OOS, after payload i n s e r t i o n ,  w i l l  r e t u r n  t o  l o w  
e a r t h  o r b i t ,  remate wi th  t h e  space s h u t t l e ,  and be r e tu rned  t o  
e a r t h  i n  t h e  s h u t t l e  f o r  refurbishment ,  r e f u e l i n g ,  and r e u s e .  
A s  a r e s u l t ,  on-orb i t  s tay t ime requirements  are s h o r t ,  and t h e  
meteoroid s h i e l d i n g  and thermal p r o p e l l a n t  s t o r a g e  requirements  
are minimized. A l l  t h e s e  f a c t o r s  a l low a high 00s mass f r a c t i o n  
t o  be a t t a i n e d .  

The maximum diameter of t h e  00s i s  d i c t a t e d  by t h e  
s h u t t l e  payload bay d iameter ,  s i n c e  t h e  00s must be launched by 
t h e  s h u t t l e .  This  could cause problems i f  t h e  s h u t t l e  payload 
d iameter  i s  r e s t r i c t e d  t o  1 5  f e e t .  

Both t h e  LM/B and 00s des igns  are very  pre l iminary ,  
and t h e  performance t o  be presented should be viewed a s  com- 
p a r a t i v e  and not  a b s o l u t e .  

D E S I G N  DATA 

Two 00s v e h i c l e s  are being s t u d i e d .  One i s  r equ i r ed  
t o  provide  1 2 , 9 0 0  f p s  AV t o  i t s  payload and r e t u r n  empty. The 
maximum g r o s s  weight inc luding  t h e  payload i s  50 ,000  pounds. 
The second i s  a s t r e t c h e d  ve r s ion  of t h e  f i r s t  which has a AV 
c a p a b i l i t y  of 1 4 , 3 0 0  f p s ,  and a maximum g r o s s  weight inc luding  
payload of 8 0 , 0 0 0  pounds. I n i t i a l  weight estimates of t h e  
smaller s t a g e  show it t o  be about 4 2 , 0 0 0  pounds i f  t h e  mass 
f r a c t i o n  i s  0.9.  The same mass f r a c t i o n  was es t imated  f o r  t h e  
o t h e r  cand ida te  s t a g e  which weighed 7 3 , 3 0 0  pounds. The des ign  
d a t a  f o r  t h i s  stage was then  p laced  i n  a d i g i t a l  computer pro- 
gram and t h e  r e s u l t i n g  mass f r a c t i o n  w a s  0 .88 ,  wi th  t h e  stage 
weighing 7 5 , 0 0 0  pounds. Table 1 summarizes t h e s e  t w o  cand ida te  
c o n f i g u r a t i o n s .  Obviously, t h e  s t a g e  des igns  are n o t  t o o  
c o n s i s t e n t  s i n c e  t h e  smaller s t a g e  has  a h igher  mass f r a c t i o n .  
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TABLE I 

I n i t i a l  Weight Es t imates  

Base l ine  Stage S t r e t ched  Stage  LM/B PM 

-- Design Av, f p s  1 2 , 9 0 0  14,300 
Maximum Gross Weight 

( Inc lud ing  Pay load) ,  l b s .  5 0 , 0 0 0  8 0 , 0 0 0  -- 
Mass F r a c t i o n  X 0 . 9 0  0.88 0.80 

Stage  Gross Weight, lbs. 4 2 , 0 0 0  7 5 , 0 0 0  5 0 , 0 0 0  
Engine S p e c i f i c  Impulse 4 4 4  

(RL-10 Mod.) ,  sec 
4 4 4  460  

The propuls ion  system f o r  t h e s e  s t a g e s  i s  c u r r e n t l y  
thought  t o  be modified RL-10 engines .  The engines  must be 
modif ied f o r  r e u s a b i l i t y  and t h r o t t l i n g ,  and have a t h r u s t  of  
1 5 , 0 0 0  pounds a t  a 5:l mixture r a t i o .  

I n  comparison, t h e  LM/B propuls ion  module has  a g r o s s  
weight  of 50,000 pounds and a conse rva t ive  e s t i m a t i o n  of i t s  
m a s s  f r a c t i o n  i s  0 .80(wi th  landing g e a r ) .  I t  a l s o  uses  modified 
RL-10 engines  b u t  t h e  performance i s  uprated as  w e l l  t o  4 6 0  
seconds s p e c i f i c  impulse.  The engine must a l s o  be capable  of  
deep t h r o t . t l i n g .  

MISSION ANALYSIS 

The mission requirements  f o r  a LM/B and space tug  i n  
N A S A ' s  I n t e g r a t e d  Space Program are  summarized i n  Table 2 .  I t  
w i l l  be used as upper s t a g e s  f o r  t h e  Sa turn  V launch v e h i c l e ,  
as a space tug  i n  LEO and geosynchronous o r b i t s ,  as an unmanned 
p l a n e t a r y  i n j e c t i o n  s t a g e ,  and as a l u n a r  su r face - to -o rb i t  s h u t t l e  
v e h i c l e .  The s p e c i f i c  requirements  are: 

TABLE 2 

LM/B and Space Tug Mission Requirements 

Mission 
4 t h  S tage  on Sa turn  V 

Objec t ive  
De l ive r  l a r g e  PL t o  l u n a r  o r b i t  

4 t h  ti 5 t h  S tages  on Sa turn  V De l ive r  l a r g e  PL t o  l u n a r  s u r f a c e  
Space Tug 

P l a n e t a r y  I n j e c t i o n  

Operat ion around space s t a t i o n s  
wi th  varying PL 

I n j e c t  automated s p a c e c r a f t  on 
p l a n e t a r y  t ra jector ies  

Lunar Surface- to-Orbi t  Operate both  manned and unmanned on 
one.way and round t r i p s  between l u n a r  
o r b i t  and s u r f a c e  
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The s t a g e s  are t o  be r e u s a b l e  i n  a l l  miss ions  except  
when used as upper s t a g e s  on t h e  Sa turn  V launch v e h i c l e ,  o r  
l and ing  l a r g e  payloads ( i . e .  5 0 , 0 0 0  l b )  on t h e  luna r  s u r f a c e .  

PERFORMANCE RESULTS 

Upper Staqes on Sa tu rn  V 

Both t h e  b a s e l i n e  and s t r e t c h e d  v e r s i o n s  of t h e  00s 
were analyzed a s  upper s t a g e s  on t h e  1 2 0 , 0 0 0  pound T L I  payload 
Sa tu rn  V t o  determine luna r  o r b i t  and lunar  s u r f a c e  payloads 
v i a  d i r e c t  launch from e a r t h .  I n  a l l  cases, t h e  performance 
exceeded t h a t  ob ta ined  by using LM/B PM's a s  Sa turn  V upper 
s t a g e s .  This  i s  due p r imar i ly  t o  t h e  hypothes is  t h a t  t h e  OOS's 
have a very  high s t r u c t u r a l  e f f i c i e n c y .  Landing gear  were 
added t o  t h e  landing  stage OOS's amounting t o  5 percen t  of t h e  
landed weight.  The e f f e c t i v e  mass f r a c t i o n s  f o r  t h e  00s s t a g e s  
were then  both  0 .84 .  The LM/B PM has  landing  gear  inc luded  i n  
i t s  m a s s  f r a c t i o n  e s t i m a t i o n .  Table  3 shows t h e  performance of 
t he  00s s t a g e s ,  and t h e  LM/B PM f o r  comparision, t o  l u n a r  o r b i t  
and t o  t h e  luna r  su r face .  

TABLE 3 

Sa tu rn  V Performance With Addi t iona l  Upper S tages  

T L I  AV = 10,000 f p s  
L O 1  AV = 3 , 6 0 0  fps*  
S-V TLI  Payload = 1 2 0 , 0 0 0  lbs 

Basel ine 00s St re t ched  00s LM/B PM 

Lunar O r b i t  PL, l b s  9 5 , 0 0 0  1 0 1 , 0 0 0  9 2 , 0 0 0  
( 4  s t a g e  S-VC) 

Lunar Surface  PL,  l b s  5 4 , 5 0 0  
(5 s t a g e  S-VC) 

58,500 52,000 

Space Tug Operat ions 

A s p a c e . t u g  i s  requi red  t o  ope ra t e  about ear th  o r b i t a l  
space  s t a t i o n s  i n  suppor t  of s a t e l l i t e  placement,  r e t r i eva l ,  and 
i n s p e c t i o n  missions.  
and p l ane  changes. F igu res  1 t h r u  4 show the  performance of t h e  
b a s e l i n e  and stretched OOS's when ope ra t ing  f r o m  low ear th  o r b i t  and 
geosynchronous s t a t i o n s .  
w i t h  t h e  s a m e  payload. 
comparison. 

The tug w i l l  move payloads through a l t i t u d e  

The t u g  c a p a b i l i t i e s  are f o r  round t r i p s  
LM/B PM performance i s  a lso shown for  

*Apollo 1 2  LO1 AV = 3059 f p s ;  Apollo 11 
LO1 AV = 3081 f p s  ( f r e e  r e t u r n ) .  
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Automated P l a n e t a r y  Probe I n j e c t i o n  

A mode of i n j e c t i n g  automated p l a n e t a r y  probes on to  
t h e i r  t r a j e c t o r i e s  i s  descr ibed  i n  References 3 and 4 .  B r i e f l y  
it c o n s i s t s  of b r ing ing  t h e  probes t o  low e a r t h  o r b i t  i n  t h e  
STS, i n t e g r a t i n g  t h e  payload onto t h e  i n j e c t i o n  s t a g e  a l r e a d y  
i n  o r b i t ,  and then  launching t h e  probes toward t h e i r  d e s t i n -  
a t i o n .  Depending on payload s i z e  and AV requirements ,  one o r  
more s t a g e s  may be used and one o r  bo th  recovered.  F igu res  
5 and 6 show t h e  performance of bo th  00s s t a g e s  and t h e  r equ i r ed  
payload (Balanced Base P lane tary  Program p o s t  1 9 7 6 ) .  I t  can be 
seen  t h a t  a s i n g l e  recoverable  00s w i l l  perform j u s t  about  a l l  
i n n e r  p l a n e t  miss ions ,  while  a s i n g l e  expendable 00s w i l l  per- 
form a l l  t h e  o u t e r  p l a n e t  missions.  The use  of t h e  LM/B P M  f o r  
t h e s e  miss ions  n e c e s s i t a t e d  two s t a g e  i n j e c t i o n  f o r  a l l  miss ions  
The s t a g e s  used f o r  i n n e r  p l a n e t  miss ions  w e r e  bo th  recovered,  
whi le  on ly  t h e  f i r s t  s t a g e  f o r  t h e  o u t e r  p l a n e t  missions w e r e  
recovered.  

Lunar Surface- to-Orbi t  S h u t t l e  

The use  of bo th  00s s t a g e s ,  w i t h  l anding  gear  added, 
f o r  round t r i p s  from l u n a r  o r b i t  t o  t h e  s u r f a c e  and back have 
been analyzed.  The stretched 00s off- loaded t o  5 0 , 0 0 0  pounds 
g r o s s  weight w a s  a l s o  analyzed. This  i s  t o  allow two s t a g e s  t o  
be brought  t o  luna r  o r b i t  wi th  one Sd iu r i i  VC launch {PL ts l u n a r  
o r b i t  i s  around 1 0 0 , 0 0 0  pounds). This  reasoning  w a s  a l s o  t h e  
b a s i c  r a t i o n a l e  behind t h e  s e l e c t i o n  of a 5 0 , 0 0 0  pound U / B ,  
Reference 1. Figure  7 shows t h e  s h u t t l e  c a p a b i l i t y  of t h e s e  
s t a g e s  a s  a func t ion  of payload and s p e c i f i c  impulse. The LM/B 
performance i s  included f o r  cornpa-rison. 

I t  can be seen t h a t  a l l  t h e s e  s t a g e s  can adequate ly  
perform t h e  l u n a r  mission requirements .  The 7000  pound minimum 
up payload i s  t h e  Space C r e w  Capsule. 

PARAMETRIC ANALYSIS 

The s t r u c t u r a l  loads  t h a t  would be imposed on t h e  00s 
by t h e  l u n a r  landing  miss ion ,  and t h e  requirement  as a f o u r t h  
s t a g e  on Sa tu rn  V ,  w i l l  be  s i g n i f i c a n t l y  g r e a t e r  than  t h o s e  wi th  
which t h e  00s w a s  o r i g i n a l l y  designed. The s t r u c t u r e  w i l l  now 
be  s u b j e c t e d  t o  s i g n i f i c a n t  compressive and bending l o a d s ,  and 
w i l l  s i m i l t a n e o u s l y  be exposed t o  boos t  a e r o  hea t ing .  Also,  long 
miss ion  d u r a t i o n s  w i l l  r e q u i r e  s u f f i c i e n t  meteoroid s h i e l d i n g  
and thermal  p r o t e c t i o n  t o  assure mission success .  A l l  t h e s e  
f a c t o r s  w i l l  t end  t o  dec rease  t h e  Aerospace es t imated  00s mass 
f r a c t i o n .  S ince  no d e t a i l e d  a n a l y s i s  has  been made on t h e  00s 
f o r  NASA miss ions ,  a t y p i c a l  propuls ion  module w a s  eva lua ted  
p a r a m e t r i c a l l y  f o r  t h e  luna r  s u r f a c e  t o  o r b i t  mi s s ions ,  t h e  
p l a n e t a r y  i n j e c t i o n  mis s ions ,  and t h e  Sa tu rn  VC mission where 
t h e  P M  i s  t h e  4 t h  s t a g e  of t he  Sa tu rn  V .  
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Figure  8 p r e s e n t s  t h e  luna r  o rb i t - to - su r face - to -  o r b i t  
performance f o r  a 50,000 pound s t a g e  and vary ing  mass f r a c t i o n s .  
I t  can be seen  t h a t  1% decrease i n  A c o s t s  about 2 , 0 0 0  pounds of 
down payload f o r  a minimum 7 , 0 0 0  pounds up payload. 

F igu res  9 and 1 0  p re sen t  t h e  escape payload c a p a b i l i t y  
of a 50,000 pound PM wi th  varying m a s s  f r a c t i o n s .  A recoverable  
s i n g l e  stage i n j e c t i o n ,  F igu re  9 ,  could perform a l l  i n n e r  p l a n e t  
miss ion  requirements  i f  t h e  m a s s  f r a c t i o n  i s  a t  l e a s t  0 .88 .  Wi th  
a mass f r a c t i o n  of a t  l e a s t  0 .80 ,  a two s t a g e  i n j e c t i o n  wi th  
both  s t a g e s  recovered w i l l  f u l f i l l  a l l  t h e  inne r  p l a n e t  mission 
requi rements ,  F igure  1 0 .  I t  can be seen t h a t  even i f  t h e  mass 
f r a c t i o n  i s  0 . 9 ,  t h e  o u t e r  p l a n e t  miss ions  s t i l l  cannot  be 
accomplished wi th  two s t a g e  recoverable  i n j e c t i o n ;  one  s t a g e  must 
be expended. 

The performance of t h e  PM a s  a f o u r t h  s t a g e  on Sa turn  V 
w a s  eva lua ted  wi th  vary ing  mass f r a c t i o n  and s t a g e  g r o s s  weight.  
F igu re  11 shows t h e  v a r i a t i o n  i n  d e l i v e r e d  payload t o  l u n a r  o r b i t  
w i t h  m a s s  f r a c t i o n ,  wi th  two s t age  performance a lso shown. About 1% 
of A w a s  e q u i v a l e n t  t o  750 pounds of payload. This  i s  not  a very 
s i g n i f i c a n t  number. F igu re  1 2  shows t h e  d e l i v e r e d  l u n a r  o r b i t  
payload v a r i a t i o n  w i t h  stage gross  weight.  I t  c a n  be seen t h a t  
ve ry  l i t t l e  g a i n s  are a t t a i n a b l e  a f t e r  a s t a g e  g r o s s  weight  of 
around 4 0 , 0 0 0  pounds. 

The use  of t w o  s t a g e s  on t o p  of t h e  Sa tu rn  ii w a s  a l so  
analyzed f o r  l u n a r  o r b i t  payload c a p a b i l i t y .  The r e s u l t s  are 
shown i n  F igu res  11 and 1 3 .  Roughly, a 1 0 , 0 0 0  pound payload in-  
crease can  be a t t a i n e d  wi th  a 5 s t a g e  Sa turn  V over a 4 s t a g e  
Sa tu rn  V. 

Thermo-Structural  and Phvs ica l  ComDatibil i tv 

Based on t h e  preceding a n a l y s i s ,  t h e  m a s s  f r a c t i o n  of 
t h e  00s can be  cons iderably  reduced and s t i l l  m e e t  NASA mission 
requirements .  H o w e v e r ,  i f  t h e  m a s s  f r a c t i o n  i s  only  s l i g h t l y  
reduced,  t h e  00s w i l l  n o t  accomplish t h e  A i r  Force miss ions .  
An e s t i m a t i o n  of t h e  inc reased  weight and r e s u l t i n g  m a s s  f r a c t i o n  
necessa ry  f o r  NASA miss ions  i s  made from Reference 6 .  The weight 
p e r  squa re  f o o t  of s u r f a c e  a r e a  f o r  a combined meteoroid s h i e l d i n g ,  
s t r u c t u r e ,  and thermal  p r o t e c t i o n  system i s  about  2 pounds pe r  
squa re  f o o t .  This  assumes a .99  p r o b a b i l i t y  of no p e n e t r a t i o n s ,  
a "bumper f a c t o r "  of 5 ,  and a n  on -o rb i t  l i f e t i m e  of one yea r .  
T h i s  s t r u c t u r e  w i l l  be  adequate t o  s u s t a i n  launch l o a d s  on t o p  
of t h e  Sa tu rn  VC,  and t h e  loads encountered i n  luna r  landings .  
The thermal  i n s u l a t i o n  system w i l l  be s u f f i c i e n t  t o  minimize 
p r o p e l l a n t  b o i l o f f  for  a l l  contemplated miss ions .  Landing legs 
w i l l  be added f o r  l u n a r  landing miss ions ,  and w i l l  weigh about  
f i v e  p e r c e n t  of t h e  g r o s s  landed weight.  The r e s u l t i n g  m a s s  
f r a c t i o n  f o r  t h e  b a s l i n e  00s i s  summarized below. 
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00s Mass F rac t ion  E s t i m a t e s  

NASA Mission Requirements 

I n e r t  W t .  Mass Frac t ion  

Unchanged 00s 4200  l b s .  

Modified 00s (w/o landing  legs) 7 2 0 0  lbs .  

Modified 00s (w/landing l e g s )  9 7 0 0  l b s .  

0.90 

0.84 
0.80 

A l l  NASA missions can s t i l l  be adequately performed 
w i t h  t h e  modified OOS, however, t h e  s t a g e  cannot  now perform 
t h e  A i r  Force mis s ions ,  even with t h e  landing  l e g s  removed. 

There are f u r t h e r  imp l i ca t ions  i n  having t h e  00s o r  
LM/B f i t  i n  t h e  payload bay of t h e  STS. The LM/B PM i s  t o  be 
used as a f o u r t h  s t a g e  on Saturn V ,  and as such w i l l  c a r r y  pay- 
loads 22  t o  33  f e e t  i n  diameter.  I f  t h e  STS payload d iameter ,  
and hence t h e  LM/B diameter ,  is 15 f e e t ,  t h e  Sa turn  VC s t a c k i n g  
would c o n s i s t  of a 22 f o o t  diameter  t h i r d  s t a g e ,  a 15 f o o t  
d iameter  f o u r t h  s t a g e ,  and a bulbous 2 2  t o  3 3  f o o t  diameter  
payload. Addi t iona l  shrouding and s t r u c t u r a l  suppor t  would then  
be r equ i r ed  t o  a s s u r e  a s t a b l e  launch.  

A 15 feet diameter LM/R w i l l  a.lso p r e s e n t  some dynamic 
l and ing  problems f o r  t h e  lunar  l ande r  mission.  The l eng th  t o  
d iameter  (L/D)  of t h e  landed system ( inc lud ing  payload) could 
be  as h igh  as 4 or  5. This  would n e c e s s i t a t e  t h e  use  of ve ry  
large and heavy landing  l e g s  t o  provide  a s u f f i c i e n t  margin of 
s t a b i l i t y  f o r  landings .  

These above cons ide ra t ions  s t r o n g l y  sugges t  t h a t  it 
may n o t  be  d e s i r a b l e  or f e a s i b l e  t o  b u i l d  a s i n g l e  s t a g e  t h a t  
can perform bo th  t h e  NASA LM/B miss ions  and t h e  A i r  Force 00s 
miss ions .  

CONCLUSIONS 

Ne i the r  t h e  base l ine  nor  t h e  s t r e t c h e d  00s s t a g e s ,  
c u r r e n t l y  be ing  s t u d i e d  by the Aerospace Corporat ion f o r  A i r  
Force miss ions ,  can be e f f e c t i v e l y  used f o r  comtemplated miss ions  
i n  NASA's I n t e g r a t e d  Space Program. Th i s  i s  because NASA's  ap- 
p l i c a t i o n s  f o r  t h e  00s are s i g n i f i c a n t l y  d i f f e r e n t  than t h e  A i r  
Force. 
NASA's requirements ,  b u t  t h e  r e s u l t i n g  changes would d e s t r o y  i t s  
u t i l i t y  t o  t h e  USAF as a geosynchronous i n j e c t i o n  s t age .  

I t  appears  t h a t  t h e  00s could be modified t o  meet t h e  
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Deta i l ed  des ign  s t u d i e s  must be conducted t o  determine 
b e t t e r  estimates of s t a g e  s i z e  and m a s s  f r a c t i o n  so t h a t  a good 
estimate of i t s  performance can be made. The  s t r u c t u r a l  loads  
imposed by t h e  l u n a r  l ande r  requirement and use  as an upper s t a g e  
on Sa tu rn  V w i l l  r e q u i r e  heavier  s t r u c t u r e s .  

T h e  q u e s t i o n  of the  A i r  Force use  of t h e  NASA LM/B i s  
more complicated.  T h e  mode of o p e r a t i o n  of t h e  A i r  Force miss ions  
n e c e s s i t a t e s  t h a t  t h e  s t a g e  and payload f i t  i n t o  t h e  payload bay 
of t h e  STS. I f  t h i s  i s  a very f i r m  requirement ,  t h e  diameter of 
t h e  space  s h u t t l e  w i l l  d i c t a t e  t h e  diameter  of t h e  00s. I f  t h e  
s h u t t l e  payload bay remains a t  i t s  c u r r e n t  15  f e e t ,  t h i s  would 
force t h e  00s t o  be a 1 5  f o o t  diameter  v e h i c l e .  The r e s u l t  would be 
a long  f a i r l y  l a r g e  L/D s t a g e  which i s  u n d e r s i r a b l e  f o r  l una r  
landings .  This  may a l so  cause s t a c k i n g  problems f o r  t h e  Saturn vc 
conf igu ra t ion .  

The US- p r e f e r s  t o  have no rendezvous and docking of t h e  
s t a g e  and payload i n  o r b i t .  A l s o ,  t h e  expended 00s w i l l  be 
brought  back t o  ear th  for  refurbishment ,  r e f u e l i n g ,  and reuse .  
The r e a l i t y  of these requirements  must be f u l l y  determined before 
t h e  q u e s t i o n  of A i r  Force use  of t h e  LM/B can be determined. 
Based on c u r r e n t  in format ion  it appears  t h a t  it may no t  be f e a s i b l e  
t o  d e s i g n  a s i n g l e  s t a g e  t h a t  h a s  both NASA and A i r  Force mission 
requi rements  imposed upon it. 

1 0 1 2  - AEM- 1 j w A. E. Marks 



# 

BELLCOMM, INC. 

REFERENCES 

1. A. E. Marks, Ra t iona le  For S e l e c t i o n  of a 5 0 , 0 0 0  Pound 
Propuls ion  Module i n  an In t eg ra t ed  Manned Space F l i g h t  
Program, B6907017, J u l y  7,  1969. 

2 .  "An I n t e g r a t e d  Space Program For The 1970 ' s , "  NASA 
Headquarters ,  August 1969. 

3 .  A. E. Marks, App l i ca t ion  of t h e  LM/B and Space Tug Pro-  
p u l s i o n  Module t o  Unmanned P l a n e t a r y  Probes,  B6907065, 
J u l y  2 2 ,  1969. 

4 .  A. E. Marks, F u l l y  Reusable Automated P lane ta ry  Probe 
I n j e c t i o n  System Using LM/B Propuls ion  Modules, B6909041, 
September 1 8 ,  1969. 

5.  E. D. Marion, A. E .  Marks, T r i p  Report-Discussion With 
Aerospace Corpora t ion  on t h e  NASA I n t e g r a t e d  Space Program 
and t h e  A i r  Force Orbi t - to-Orbi t  S h u t t l e  ( O O S ) ,  October 27, 
1969. 

6. M.  H. Skeer ,  Space Tug Operat ions I n  Assoc ia t ion  With The 
I n t e g r a t e d  Program, Bellcomm Memo For F i l e  t o  B e  Publ ished.  


